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Role of medullary structures in the functional adaptation
of renal insufficiency
FREDRIC 0. FINKELSTEIN and JOHN P. HAYSLETT
Departments of Medicine and Pediatrics, Yale University School of Medicine, New Haven, Connecticut
Role of medullary structures in the functional adaptation of
renal insufficiency. Hydrogen and potassium balance are main-
tained during renal insufficiency by an adaptive increase in the
secretion of these ions per functioning nephron. Previous work
from our laboratory has linked this enhanced potassium excre-
tion to an increased specific activity of Na-K-ATPase in the
outer medulla. The present studies were designed to examine the
role of the renal medulla in these functional responses during
renal insufficiency. Control rats were compared to two experi-
mental models of renal insufficiency having similar reduction in
glomerular filtration rate (GFR)—65% nephrectomized rats and
rats with one kidney removed and a papillectomy performed on
the remaining kidney. During an acute KCI infusion, urinary
potassium excretion of the papillectomized rats did not rise
above that of control rats in the absence of an increase in Na-
K-ATPase in the red medulla. In contrast, potassium excretion
increased markedly in nephrectomized animals in association
with a 25% increase in Na-K-ATPase in the red medulla.
Following acute NH4CI loading, total ammonium excretion was
50% less in the papillectomized rats than in the nephrectomized
animals. These data demonstrate the important role of medul-
lary structures in enhanced potassium and hydrogen ion excre-
tion during renal insufficiency and support the relationship
between medullary Na-K-ATPase and potassium secretion.
Role des structures médullaires dans l'adaptation fonctionnelle
de l'insuffisance rénale. Les bilans d'ions H + et de potassium sont
maintenus au cours de l'insuffisance rénale par une augmentation
adaptative de Ia secretion de ces ions par chaque néphron fonc-
tionnel. Des travaux antérieurs de notre laboratoire ont lie cette
augmentation de l'excrétion de potassium a une augmentation
de l'activitC specifique de Ca Na-K-ATPase de la médullaire
externe. Ce travail est destine a étudier le role de Ia médullaire
rénale dans ces rCponses fonctionnelles au cours de l'insuflls-
ance rénale. Des rats contrOles ont été compares a ceux de deux
modCles d'insuffisance rénale ayant des reductions similaires du
debit de filtration glomerulaire (GFR): des rats néphrectomisés
a 65% et des rats nCphrectomisés d'un côtC et papillectomisés de
l'autre. Au cours d'une perfusion aiguë de KCI l'excrétion
urinaire de potassium des rats papillectomisés ne dépasse pas
celle des rats témoins en même temps que Ia Na-K-ATPase de Ia
médullaire rouge n'augmente pas. Au contraire l'excrétion de
potassium augmente de facon importante chez les animaux
néphrectomisCs en même temps que Ia Na-K-ATPase de Ia
médullaire rouge augmente de 25%. Après une charge aiguën en
Received for publication February 28, 1974;
and in revised form June 3, 1974.
© 1974, by the International Society of Nephrology.
419
NH4CI l'excrétion totale d'ammoniaque est inferieure de 50%
chez les animaux papillectomisCs par rapport aux néphrecto-
misés. Ces observations démontrent le role important des
structures médullaires dans l'augmentation de l'excrétion du
potassium et des ions H + au cours de l'insuffisance rCnale et sont
en faveur de Ia relation entre la Na-K-ATPase médullaire et La
secretion de potassium.
When animals are chronically loaded with potassium
or nonvolatile acid, they rapidly develop the ability to
avoid hyperkalemia or acidosis through an increase in
secretion of these ions into the tubular urine [1, 2]. In a
similar way, adaptation of tubular function occurs in
renal insufficiency by the remaining functional ne-
phrons to maintain potassium and hydrogen balance
since an increase in the excretory load per nephron
occurs despite a normal intake of these ions.
The potassium which appears in the final urine is
derived primarily from secretion in the distal portion
of the nephron [3]. It is unclear which segment, distal
tubule or collecting duct, is primarily responsible for
enhanced potassium secretion in renal insufficiency. In
contrast to potassium secretion, all portions of the
nephron participate in hydrogen ion secretion [4].
Cells in the distal portion of the nephron play a
special role in this process, however, because of the
steep concentration gradient for hydrogen ion across
this tubular epithelium. As in the case of potassium,
the relative importance of different portions of the
distal nephron in hydrogen ion secretion in renal
failure has not been delineated.
The present experiments were, therefore, performed
to determine the role of the medullary portions of the
nephron in the adaptive functional changes which
occur during renal insufficiency for potassium and
hydrogen ion secretion. In this study the role of medul-
lary function was examined in rats with reduced renal
function produced by the performance of selective
types of surgical ablation.
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Methods
Experiments were performed on male Sprague-
Dawley rats (Charles River Breeding Laboratories)
weighing between 150 and 250 g at the time of surgery.
Three groups of animals were studied. Rats in group 1
had two intact kidneys and served as controls. In
group 2 a 65% nephrectomy was performed by remov-
ing the right kidney and the lower pole of the left, un-
der light ether anesthesia, as previously described [5].
The lower pole consisted primarily of cortex; the
papillary portion of the remnant kidney was left intact.
In group 3 the entire right kidney and the papilla of the
left were excised. The papillectomy procedure was per-
formed in the manner described by Wilson [6]. After
the left kidney was exposed, the renal pedicle was
clamped, a transverse incision made along the dorsal
surface and the papilla excised with fine scissors. The
incision was closed with 5—0 silk sutures taken through
the capsule, and the pedicle clamp removed. Approxi-
mately three minutes were required for the entire pro-
cedure, which was associated with minimal blood loss.
Following surgery, animals in each group were fed
20 g/day of standard laboratory chow (Purina), which
was completely consumed. Experiments were per-
formed two weeks later when compensatory growth of
the remaining kidney remnant was complete in the
experimental animals.
Renal function in the control group and the two
groups of animals with renal insufficiency was ex-
amined in the following manner.
Maximum urinary concentration. Rats were placed
in metabolic cages and injected subcutaneously with
1 U of aqueous vasopressin (Pitressin, Parke-Davis).
Food and water were allowed ad lib to prevent de-
hydration from the possible obligatory urinary losses
in one or both experimental groups. Three hours
following the administration of vasopressin, a speci-
men of urine was collected for the determination of
osmolality on a nanoliter osmometer (Clifton).
Potassium excretion during acute loading. Following
the i.p. administration of mactin (Promanta, Ham-
burg), in a dose of 120 mg/kg of body wt, a tracheo-
stomy was performed and the bladder and one external
jugular vein were cannulated with PE-50 tubing. The
carotid artery was cannulated with PE-90 tubing for
the determination of plasma potassium concentration.
After replacement of surgical losses with an infusion of
0.1 5M NaCI, in a volume equal to 1 % of body wt, and
administration of a priming dose of 25 Ci of methoxy-
inulin-3H (New England Nuclear Corp.), a constant
i.v. infusion of 0.15M NaC1 was begun to deliver
25 Ci of inulin-3H in a volume of 1.2 mI/hr. Two
30-mm control urine collections were made after
30 mm of equilibration. In these experiments the
average value of the two periods was determined and
taken as the control value. Following the control de-
termination, 0.5M KCI was substituted for the 0.1 SM
NaCl and infused at the same rate of 1.2 ml/hr. Two
30-mm experimental urine collections were performed
30 to 90 mm after the start of KCI loading. A sample
of arterial blood (volume, 0.2 ml) was obtained at the
mid-point of each urine collection period for inulin
concentration and estimation of plasma potassium. At
the termination of the study, the animals were ex-
sanguinated to measure the concentration of blood urea
nitrogen (BUN) and the kidneys weighed on a balance
(Mettler, Model P163).
Inulin concentration was determined on a liquid
scintillation counter (Packard Tri-Carb) and sodium
and potassium in plasma and urine samples on a flame
photometer with an internal standard. BUN con-
centration was measured on an autoanalyzer (Techni-
con).
Specific activity of Na-K-A TPase in renal tissue.
Lightly anesthetized animals were bled through the
aorta using a heparinized syringe. After excision, the
kidneys were hemisected in the sagittal plane. The
cortex, red medulla and white medulla were identified
and dissected with fine scissors and placed in ice-cold
saline. The specific activity of Na-K-ATPase and Mg-
ATPase was determined by methods previously de-
scribed by our laboratory [7], When the kidneys were
dissected, the pieces of cortex and red medulla were
lightly blotted with filter paper, weighed and then
homogenized with a polytef (Teflon) pestle in a glass
homogenizer immersed in ice in a 20/1 (vol/wt) solu-
tion containing 0.25 M sucrose, 6 mrvt EDTA, 20 mM
imidazole and 2.4 m sodium deoxycholate (added
just before use), pH 6.8. The homogenate was filtered
through a double layer of gauze, and, after 45 mm,
assayed for enzyme activity. The results were expressed
as mo1es of inorganic phosphate (Pi) liberated/mg of
protein/hr.
Hydrogen ion excretion during acute loading. Addi-
tional animals were anesthetized with mactin, the
bladder cannulated and urine collected quantitatively
under oil. After collection of urine for determination
of the baseline urinary pH, NH4C1 was administered
i.p. in a dose of 8 mmoles/kg of body wt. Urine was
collected during the period 60 to 180 mm after the in-
jection of NH4C1 for determination of titratable acid
and ammonium. In addition, urinary pH was mea-
sured 120 mm after the acid load.
In these experiments urine pH was determined with
a pH meter (Radiometer, Model PHM-71) and titra-
table acid and NH4 concentration by methods pre-
viously described [8]. Statistical analysis of the data
was made using Student's t test whenever applicable.
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Table 1. Potassium excretion before and during KC1 infusions
Control (N= 5) Partial nephrectomy (N= 5) Papillectomy (N= 6)
Control KCI1 KCI2 Control KCI1 KCI2 Control KCl KCI2
C±, 899 1049 1182 592b 699b 670" 590" 610" 689b
1/min/1OOgofbodywt ±91 ±71 ±13 ±19 ±49 ±48 ±39 ±28 ±37
Plasma potassium, 4.3 6.2 6.4 4.1 5.9 6.3 5.l° 6.40 6.6
mEq/liter ±0.1 ±0.2 ±0.1 ±0.1 ±0.2 ±0.1 ±0.1 ±0.1 ±0.1
Urinary volume, 1.9 5.1 4.7 2.9 4.9 7.0" 4.2° 5.2 5.2
iJ/min/1OOg of body wt ±0.1 ± 1.1 ± 1.2 ±0.5 ± 1.0 ±0.6 ±0.5 ±0.6 ±0.7
Urinary potassium, 255 291 328 232 293 291 149"° 183° 195"°
mEg/liter ±35 ±68 ±43 ±18 ±39 ±23 ±16 ±13 ±12
UkV, 1.38 3.28 3.58 1.99 4.00 6.lcP 1.78 2.78° 3.04°
Eq/min ±0.27 ±0.50 ±0.92 ±0.24 ±0.38 ±0.43 ±0.19 ±0.28 ±0.42
UkV, 0.76 1.80 1.91 1.17 2.34 359b 0.88 1.55° 1.69°
Eq/min/g of kidney wt ±0.17 ±0.23 ±0.30 ±0.13 ±0.21 ±0.24 ±0.10 ±0.15 ±0.23
FEk 12.5
±2.7
22.1
±3.5
19.0
±2.9
26.4
±3.7
31.lb
±1.6
477b
±5.5
17.1
±2.1
20.80
±2.3
18.90
±1.9
Values represent mean ± SEM; N indicates number of animals. C, = inulinclearance; UkV = urinary potassium excretion rate; FEk =
fractional potassium excretion.
b Indicates P <0.05 compared to control group.
Indicates P <0.05 compared to nephrectomy group.
Results
Maximum urine concentration. Urinary concentrat-
ing ability was estimated in eight rats in each of the
three groups in order to determine whether surgical
excision of the medullary portions of the kidneys in the
group 3 animals resulted in an impairment of this
function. Three hours following the administration of
vasopressin, the mean urine osmolality was 915 ±
121 mOsm/kg of H20 (mean ± SEM) in papillectomized
rats, approximately 50% the value of 1948 ± 189
achieved in control animals (P<0.001). The urine
osmolality of 1712 ± 53 mOsm/kg of H20 in animals
with 65% nephrectomy did not significantly differ
from the control value, demonstrating an intact con-
centrating mechanism in partially ablated animals.
Potassium excretion during acute loading. The role of
the collecting duct in the augmented secretion of
potassium during renal insufficiency was studied under
control, nondiuretic conditions and during acute
potassium loading. The plasma potassium concentra-
tions and indexes of renal function are shown in
Table 1. Surgical ablation resulted in a similar fall in
glomerular filtration rate (GFR) in both experimental
groups to a level of approximately two-thirds the con-
trol value of 899 ± 91 .il/min/l00 g of body wt. Moder-
ate azotemia occurred as a consequence of the reduced
filtration rate. The BUN concentration was 27 ±
1.2 mg/100 ml in group 2 with partial nephrectomy and
27± 1.3 in group 3 with the papillectomy, compared to
13 ± 1.1 in control rats. Under baseline conditions, the
urinary excretion of potassium, UkV (sEq/min), was
not significantly different in the three groups of animals.
Although absolute potassium excretion in the papil-
lectomized group was comparable to the control level,
under the conditions used in this experiment, the elev-
ated baseline plasma potassium concentration of 5.1 ±
0.1 mEq/liter suggested impaired K excretion in
group 3 in the interval before induction of anesthesia.
The plasma K value of 4.1 ± 0.1 mEq/liter in partially
nephrectomized rats was not different from control.
During infusion of KCI, plasma potassium con-
centration rose to a level between 6 and 7 mEq/liter in
all groups. The urinary excretion of potassium, ex-
pressed as either fractional excretion or excretion/g of
kidney wt, was markedly different between the two ex-
perimental groups, demonstrating impaired maximal
secretion by the papillectomized animals as shown in
Fig. 1. UkV rose to 3.6 ± 0.2 .Eq/min/g of kidney wt in
nephrectomized rats, nearly twice the value of 1.9±
0.3 achieved in control animals (P <0.005). In contrast,
under similar conditions of acute K loading, the potas-
sium excretion value of 1.7 ± 0.2 zEq/min/g of kidney
wt in papillectomized animals was not different from
control (P= NS).
Specific activity of Na-K-A TPase in renal tissue.
Since previous work in our laboratory [7, 9] had
shown a close correlation between the specific activity
of Na-K-ATPase in homogenates of outer medulla and
the capacity for augmented potassium excretion during
acute K loading, enzyme concentrations were mea-
sured in cortex and outer medulla. Na-K-ATPase
activity is expressed as a percent of the mean value of
control rats in Fig. 2. The specific activity of the enzyme
increased approximately 25% in the outer medulla of
the remnant kidney of nephrectomized rats from 35.5
1.7 vmoles of Pi/g of protein/hr to 43.9±2.3 (Pc
0.02), in association with an augmented capacity for
potassium excretion. No difference was found in
homogenates of cortex, compared to control. In con-
trast, the specific activity of Na-K-ATPase in the outer
medulla of papillectomized kidneys was not greater
than control, although cortical levels rose 27% from
12.3 ±0.8 of of to
the in
the the in
to in
the to
in
the Na-K-stimulated ATPase moiety
since Mg-ATPase remained unchanged.
Hydrogen ion excretion during acute loading. In
further experiments the role of the collecting duct in
acid excretion was examined. The urinary pH con-
centrations before and two hours following the ad-
ministration of the acid load are shown in Fig. 3.
Urinary pH was similar to control values in both
groups with renal insufficiency and averaged 6.6±0.1
before and 5.7 ± 0.1 after the acid load in group 1.
Loss of the medullary portions of the kidney, how-
ever, resulted in impaired total acid excretion, calcu-
lated as titratable acid plus ammonium. Total acid,
titratable acid and ammonium excretion per g of
kidney wt for the three groups of animals are shown in
Fig. 4. Total acid excretion in papillectomized rats
was 42.0 ± 6.1 sEq/2 hr/g of kidney wt, a value signi-
ficantly less than the rate observed in controls (P <
0.01). It was of interest that the rate of excretion in
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Nephrectomyc Papillectomy
3
2
Control period During 0.54! KCI
in fusion
Fig. 1. Urinary potassium excretion, Uk V, (iEq/min/g of kidney
wt), in the three groups of animals. Bars represent mean value and
brackets indicate ± 1 SEM. Numbers are number of animals
studied.
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Fig. 2. Na-K-A TPase activity in the cortex and red medulla in the
three groups of rats. Bars represent percentage of mean value of
control animals and brackets indicate ± 1 saM. Numbers are
number of animals studied.
Control After NH4CI
load
Fig. 3. Urinary pH before and after acute NH4CI load in the three
groups of rats. Bars represent mean and brackets indicate
±1 5aM. Numbers are number of animals studied.
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Fig. 4. Total acid, titratable acid and ammonium excretion in the
three groups of rats. Bars represent mean and brackets are
I SEM. Numbers are number of animals studied.
animals with 65% nephrectomy was also less than con-
trol, although greater than the papillectomized group.
Since the excretion of titratable acid was similar in the
three groups studied, the difference in total acid excre-
tion was entirely due to depression of ammonium
excretion.
Discussion
After reduction of renal mass through surgical abla-
tion or chronic disease, adaptive changes in renal func-
tion play an important role in maintaining water and
electrolyte homeostasis. It seems likely, however, that
the capacity for these adaptations is influenced by the
functional integrity of the structures within the kidney
that are damaged or excised. In previous studies in
man and in experimental animals, renal insufficiency
caused predominantly by damage to the medullary
portion of the kidney, in contrast to cortical disease,
has been characterized by greater impairment of
urinary concentration [6], reduced total acid excretion
[10] and greater obligatory losses of sodium [6, 11].
Moreover, in isolated cases reduced potassium excre-
tion has been associated with medullary disease in the
presence of normal adrenal function [12].
Since it has been difficult in most instances of ac-
quired human renal disease to identify examples of
isolated medullary damage, an animal model was
established to examine the role of functional adapta-
tions in medullary structures for potassium and acid
excretion during renal insufficiency. The procedure of
papillectomy used in these experiments resulted in the
loss of the terminal portion of the collecting duct of all
nephrons and interruption of loops of Henle of juxta-
medullary nephrons. Presumably, some disruption of
function also occurred in the adjacent white and red
medullary portions of collecting ducts of all nephrons.
Wilson [6] has shown in the same model by histological
sections that there was loss of the distinct inner margin
of the outer medullary zone and a variable loss of the
normally well-defined outer medullary zone. Using
silastic injections he further demonstrated that the
vascular architecture of the outer medulla appeared
normal. In the partially nephrectomized model of
renal insufficiency, the medullary portion of the kidney,
including the papilla, was left intact. The vascular
architecture of the papilla by silastic injection appeared
normal in this preparation [6]. In order to compare
two types of renal insufficiency with a similar excretory
load, the amount of cortical tissue ablated in the
nephrectomized model was adjusted so that the GFR
of each animal was identical to that of the papillecto-
mized animal. By using selective surgical ablation it
was possible, therefore, to study two types of stable
renal insufficiency characterized either by loss and in-
jury to medullary tissue or by reduction in cortical
mass. The functional correlate of these models was
demonstrated by a severe concentrating defect in the
papillectomized group and a normal concentrating
ability in the nephrectomized animals.
The present study provides strong evidence for the
central role of adaptative changes in medullary struc-
tures for potassium excretion during renal insufficiency.
In partially nephrectomized rats with an intact medul-
lary zone, an adaptation in nephron function occurred
that was characterized by increased excretion of potas-
sium during control conditions and a capacity for
accelerated excretion when plasma potassium con-
centration was acutely elevated. During infusion of
KCI, the maximum rate of excretion by the remnant
kidney rose to 3.5 0.2 Eq/min/g of kidney wt, a
value nearly twice the rate in normal nonadapted
animals. The functional response of this experimental
model probably underestimated the performance of
individual nephrons by 50 to 100% because of the
compensatory increase in GFR which occurred in re-
maining nephrons as a result of surgical ablation [13].
In contrast, a markedly reduced capacity for potassium
excretion during acute loading was demonstrated in
the papillectomized group. The maximal rate of ex-
cretion, expressed as either fractional excretion or
amount/g of tissue wt, failed to rise above the level
found in control animals. Moreover, the hyperkalemia
in the baseline period suggested that the ability to ex-
crete potassium may have been inadequate to maintain
balance when this group was pair-fed the same diet as
control and nephrectomized rats.
Although in the experimental model of papillectomy
120
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employed in this experiment there was a probable loss
of all juxtamedullary nephrons, through interruption
of long loops of Henle, as well as ablation of the
medullary portion of the collecting ducts, it seems
likely that the blunted capacity for potassium excre-
tion resulted from loss of medullary collecting ducts.
Wright has demonstrated that the capacity for potas-
sium secretion in surface nephrons is at least as good
as that of all nephrons taken as a whole [1]. Further-
more, potassium secretion by cells in the papillary por-
tion of the collecting duct has been demonstrated by
micropuncture [14] and microcatheterization [15]
techniques, and Bank and Aynedjian [16] have pro-
vided evidence that suggests that the collecting duct
plays a predominant role in potassium excretion dur-
ing renal insufficiency. In the event that impaired capa-
city for potassium excretion resulted primarily from
loss of juxtamedullary nephrons, it would become
necessary to ascribe a unique adaptive process to the
distal tubules and collecting ducts of deep nephrons.
By this mechanism the marked increase in potassium
excretion during acute loading in partially nephrecto-
mized rats would have resulted from increased secre-
tion in approximately 20% of the total nephron
population. On the basis of the available evidence, this
mechanism seems unlikely.
The specific activity of Na-K-ATPase in homo-
genates of renal tissue was of interest because of the
close association between concentrations of this en-
zyme and potassium excretion which has recently been
demonstrated in this laboratory [7, 9]. The specific
activity of Na-K-ATPase increased when the dietary
intake of potassium of normal rats was increased. The
effect was seen first and most prominently in the outer
medulla, but larger loads of potassium elicited an in-
crease in cortex as well. Further studies in normal rats
fed a potassium-enriched diet and in 75% nephrecto-
mized rats on a normal diet demonstrated that in-
creased enzyme concentrations in the outer medulla
were associated with an augmented rate of potassium
excretion during acute KCI loading [9]. In addition, an
increase in Na-K-ATPase has been demonstrated in
the papilla of normal rats fed a high potassium diet
(unpublished observations) suggesting an increase in
enzyme activity in collecting duct cells. These studies
have been interpreted to suggest that a rise in Na-K-
ATPase is related to increased activity of an active
pump mechanism located on the peritubular mem-
brane during chronically increased potassium secre-
tion. Through this mechanism the rate of potassium
secretion is augmented as a result of an expanded
intracellular pool.
In the present study, the capacity for accelerated
rates of potassium excretion in the remnant kidney
was associated with an increase in specific activity of
Na-K-ATPase in the outer medulla. In contrast, no
change in enzyme activity was present in the outer
medulla of papillectomized rats with a reduced capa-
city to respond to acute potassium loading. Although
Na-K-ATPase was increased in cortical tissue of
papillectomized animals, presumably due to continued
stimulation of undamaged tissue, maximal potassium
excretion was markedly impaired when compared to
partially nephrectomized animals. It seem likely, there-
fore, that Na-K-ATPase is related to the mechanism of
renal potassium adaptation and that a rise in enzyme
activity in medullary collecting duct cells is important
for the quantitative expression of this process.
This study also demonstrated that medullary struc-
tures are important in the adaptive increase in acid
excretion that occurs during renal insufficiency. Total
excretion of acid per g of kidney wt was markedly re-
duced in rats with selective damage to the papilla,
compared to animals with renal insufficiency due to
cortical ablation. The difference in acid excretion
between the two experimental groups of animals with
a similar degree of renal insufficiency was accounted
for by the difference in ammonium excretion since the
excretion rate of titratable acid was similar in both
groups.
Although this study was not designed to determine
the mechanism responsible for impaired ammonium
excretion in association with medullary damage, the
present findings demonstrate that reduced ammonium
excretion was not due to an inability to achieve a
maximal urinary hydrogen ion concentration nor a re-
duction in urinary flow rate in the papillectomized
group. Micropuncture studies have shown that am-
monia is produced along cortical segments of the neph-
ron in amounts that are sufficient to account for
urinary excretion [17, 18]. Since NH3 is rapidly diffu-
sible throughout the cortex and medullary portions of
the kidney, the rate of ammonium excretion is prob-
ably dependent upon the rate of generation of NH4 +
from NH3 in tubular fluid.
The present data suggest that the medullary struc-
tures of the kidney play an important role in the rate of
NH44 production. Although it is possible that the
adaptive change for increased ammonium excretion
during renal insufficiency is predominantly restricted
to the distal tubule or collecting duct, or both, of
corticomedullary nephrons, there is no evidence that
deep nephrons differ from more superficial nephrons
in respect to acid secretion. In an interesting report of
a patient with renal cortical necrosis and sparing of
deep nephrons, UVNH3/GFR was found to be in the
same general range as that found in patients with
chronic glomerulonephritis [19].
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These experiments, therefore, demonstrate that the
functional adaptive changes which occur in renal in-
sufficiency to increase the rate of potassium and am-
monium excretion involve medullary structures. Al-
though not proven in these studies it seems likely that
these processes depend on the functional integrity of
cells in the medullary portion of the collecting duct.
Whatever the involved mechanisms, these observations
provide a better understanding for the functional
difference that have been observed in patients with
different patterns of renal injury.
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